Abstract
Introduction
estimated a many-fold higher annual global production of BSOA (88 TgC) compared to ASOA (10 23 TgC), which were however associated with high uncertainties. Other studies suggested that ASOA 
HPLC-ESI-qTOF-MS analysis and quantification of compounds

29
Samples were analyzed using a HPLC system (Dionex Ultimate 3000) coupled through an ESI inlet 30 to a qTOF-MS (Bruker Daltonics GmbH, Bremen, Germany). A reversed-phase HPLC separation was achieved using a Waters Atlantis T3 C18 column (2.1 x 150 mm, 3 µm). The mobile phase was 1 comprised of eluent A (0.1% (v/v) acetic acid in milli-Q water) and eluent B (95% (v/v) acetonitrile 2 in milli-Q water). The injection volume was 10 µL and the flow rate of the mobile phase was 0.2 3 mL min -1 with the following gradient: the mobile phase was kept at 3% of eluent B in 10 min prior 4 to injection until 5 min after injection; eluent B was then increased to 20% (at 20 min), 60% (at 30 5 min) and 95% (at 35 min) where it was kept at a plateau (95%) until 45 min and increased to 100% 6 at 46 min; the gradient was kept at 100% of eluent B until 51 min and decreased to 3% (at 54 min) 7 where it was further kept at 3% for 3 min. The MS scan range was set from 50 -1000 m/z. The 8 ESI-qTOF-MS was operated in negative ionization mode with nebulizer pressure at 3.0 bar, dry gas 9 flow 8.0 L min -1 , source voltage 4000 V and transfer time 50 µs. Acquired data was processed using 10 the Bruker Compass software.
11
All organic acids were quantified using authentic standards with the exception of hydroxy-pinonic 12 acid, which was quantified using pinonic acid standard. The organosulfates and nitrooxy 13 organosulfates were quantified using three different surrogate standards depending on the retention 
Extraction and analysis of ions
19
A circle punch (28 mm diameter) of the aerosol sample filter was sonicated in 4.00 ml milli-Q water 20 for ½ h. The extract was filtered through a polyethersulfone syringe filter (0.45 µm, PALL Life The rate constant of reaction (1) k 1 was calculated using equation (3) During the field campaign, a total of 39 species including 12 organic acids, 18 organosulfates (OS) and 9 nitrooxy organosulfates (NOS) were detected as summarized in Table 1-3. The organic acids   23 were identified using their authentic standards, with the exception of hydroxy-pinonic acid where 24 the identification was based on the characteristic mass-to-charge (m/z) fragments of the compound.
25
The organic acids included those of anthropogenic origin (i.e. benzoic acid, adipic acid, pimelic acid, DTAA and MTBCA originating from α/β-pinene (Table 1) . Among the anthropogenic organic 
18
Many organosulfates and nitrooxy organosulfates species detected in this study (Table 2- 
Concentrations
The ranges of concentration levels of the detected species are shown in Table 4 . In general, a higher 1 number of valid measurements (N) were available from HCAB, mostly due to the gap in the set of 
12
The organosulfates were detected in most samples from both sites ( Table 4 ). The major The concentration levels of the detected compounds were compared with an earlier study performed species (six organic acids, five organosulfate, five nitrooxy organosulfates) were included. The comparison was thus only targeted at similar compounds. In general, the concentrations of most 1 organic acids were higher in the present study, except cis-pinic acid and pinonic acid, which were 2 more abundant at the forest site. The concentration levels of the organosulfates and nitrooxy 3 organosulfates in this study were many-fold higher compared to the previous study, especially with 4 regards to the organosulfate species. This, in addition to the differences among the sites and years 5 could be caused by differences in quantification standards, as Kristensen and Glasius (2011) used 6 camphor sulfonic acid as a surrogate standard, as opposed to the three different standards including 7 D-mannose sulfate, an in-house synthesized organosulfate from β-pinene and octyl sulfate used in 8 this study (as described above). This highlights the analytical challenge of quantifying 9 organosulfates and comparing concentrations among different studies.
10
The total concentration of organic acids and organosulfates are significantly higher in our samples Table 4 ). These 14 parameters included six organic acids (benzoic acid, pimelic 27 acid, phtalic acid, suberic acid, pinonic acid, and azelaic acid), the concentrations of total first The variability between daytime and nighttime samples at each site during the whole field study 15 was also analyzed using a non-parametric U Mann-Whitney test at 90% confidence interval. The Table 4 ). The other compound with significantly higher daytime concentrations at In this study, NOS 297 was identified as the major nitrooxy organosulfates (Table 4) were observed at HCAB (data from Risø was unavailable for these days). Organosulfate 200_2 6 (from MBO), which was mostly found at levels below the detection limit, was detected in 7 considerably higher concentrations during these episodes of concentration maxima (for example in The correlation between the total concentration level of organosulfates and the concentration of 
24
In general, the production rate of NO 3 radical was one order of magnitude higher at the urban site 25 HCAB compared to the semi-rural background Risø, which was also observed in an earlier study in species will be discussed in more detail below.
7
In order to investigate the regional impacts on the concentration levels of the detected compounds, were also found at high concentrations correlating to the organosulfates and nitrooxy 10 organosulfates, could also be long-range transported to the sampling sites.
11
It is difficult to determine the exact spatial location of the major sources or chemistry governing the 12 total concentrations of the compounds at the two sites, which is partly due to the coarse resolution 13 of the SO 2 emission map. However, it is unlikely that the major source location would be in the Particle mass concentrations were calculated based on integration of the calculated particle mass 24 size distributions (from DMPS data), which were further based on measured particle number size 25 distributions assuming particle sphericity, using a SOA particle density of 1.7 g cm -3 (Stock et al., 
Local impacts 7
The possible local anthropogenic impacts were investigated by examining the species of 8 significantly higher concentrations at HCAB, which did not belong to the correlating group, The third species used to study the local impacts was NOS 297, which showed significantly higher , respectively) was observed during the nights 5 of highest RH, June 6 and 8, whereas during the in-between night June 7, when RH was still in the 6 high range, lower P NO 3 was observed, which was coupled with considerably lower concentration of 7 NOS 297. In contrast, lower P NO 3 was also observed during other nights of higher NOS 297 concentrations would couple with higher uncertainty. Nevertheless, it seems probable that 21 occurrence of NOS 297 was favored by nighttime chemistry, regardless of whether the species were formed in-situ or long-range transported to the site.
23
Local new particle formation (NPF) events were also examined using the DMPS data following Dal The local impacts were also investigated for several selected species which showed significantly 27 higher concentrations at HCAB compared to Risø and did not belong to the correlating group, nighttime production rate of NO 3 radical and nighttime relative humidity at HCAB. Tables   1   Table 1 
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